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[bookmark: _Toc238645516]Supplementary Methods
[bookmark: _Toc238645517]1. Construction of spatial strata and layer alignment
The first part of the model requires forest type, forest origin and stand age to be available on the same 30 m analysis grid. Because these three layers were derived from different data sources, their original projections, spatial extents, boundary details and valid forest pixels were not fully identical. Therefore, before growth-curve matching and Beco modelling, all spatial layers were harmonized. The harmonization preserved the thematic meaning of each dataset and ensured that every valid forest pixel had complete and traceable forest type, origin and age attributes.
[bookmark: _Toc238645518]1.1 Spatial preprocessing
Spatial alignment was performed in ArcGIS Pro. The 30-m forest-age1 and forest-origin2 grids defined the target projection, cell size, extent and snap raster. Forest type was converted from vector polygons to a 30-m categorical raster after reclassification. A common forest mask then defined the valid analysis domain, and cell counts and pixel-to-pixel correspondence were checked for forest type, stand age and origin after each processing step.
Small unassigned gaps remained along rasterised polygon boundaries and in local slivers. These cells were filled with the ArcGIS Pro Spatial Analyst Distance Allocation tool, which assigned the class of the nearest valid source cell. Masking and distance allocation were repeated only within the target forest mask until forest type, origin and age had identical valid-cell support. The operation repaired boundary and rasterisation inconsistencies; it did not create new forest classes or alter the broad spatial pattern.
[bookmark: _Toc238645519]1.2 Vegetation-zone source
The vegetation regionalization data for China were derived from the 1:1,000,000 Vegetation Map of China3. Vegetation zones are spatially continuous and non-overlapping geographical units defined by vegetation types and their geographical distributions, with relatively consistent internal vegetation assemblages. They reflect regional differentiation in vegetation and its relationships with heat, moisture, topography and soil conditions. Because higher-level vegetation zones are mainly controlled by horizontal zonality and summarize broad climatic and ecological background differences, we used first-level vegetation regions as regional strata. Finer belts or sub-belts were not used, to avoid excessive fragmentation of strata and insufficient plot samples.
[image: Supplementary Figure 1]
Supplementary Fig. 1. Spatial distribution of first-level vegetation regions in China.
[bookmark: _Toc238645520]1.3 Forest-type reclassification
The forest-type layer was constructed from forest formations and formation groups in the 1:1,000,000 Vegetation Map of China.3 Original vegetation labels were matched to the forest-type classification of Luo et al.4 Synonymous or scale-inconsistent classes were merged into 17 standard forest types (Supplementary Table 2). The standard codes were joined back to the source polygons, rasterised at 30 m and aligned through the mask and Distance Allocation workflow in section 1.1.
Vegetation zone, standard forest type and origin were overlaid after harmonisation. Each mapped vegetation-zone × forest-type × origin combination received a unique standard ecological-stratum identifier. Plot aggregation, curve assignment and spatial prediction used this identifier, preventing duplicated strata caused by synonymous source labels.
[image: Supplementary Figure 2]
Supplementary Fig. 2. National spatial distribution of the 17 standard forest types. Colours indicate the standard forest types derived by reclassifying original vegetation formations or formation groups; vegetation-zone boundaries and abbreviations show the regional stratification background.
[image: Supplementary Figure 3]
Supplementary Fig. 3. National spatial distribution of natural and planted forest origins. Green and blue indicate natural forests and planted forests, respectively; vegetation-zone boundaries show the spatial context of origin types within regional strata.

Supplementary Table 1. Definitions, ecological meanings and data sources of stratification variables.
	Stratification variable
	Number of classes
	Ecological meaning
	Data source
	Processing

	Vegetation zone
	8
	Represents regional climate, hydrothermal and zonal constraints
	1:1,000,000 Vegetation Map of China3
	Used first-level vegetation regions; plot and raster attributes were extracted by spatial overlay

	Forest type
	17
	Represents dominant tree-species composition and community structure
	1:1,000,000 Vegetation Map of China; Luo forest-type classification standard3,4
	Twenty-four initial codes were checked and merged into 17 classes; aligned to the 30 m analysis grid

	Forest origin
	2
	Distinguishes developmental trajectories of natural and planted forests
	30 m forest-origin dataset2
	Harmonized with forest type and age layers in projection, extent, pixel alignment and valid forest mask

	Stand age
	Continuous variable
	Provides age input for growth curves
	30 m forest-age dataset for China1
	Pixel-wise alignment with forest type and origin layers



Supplementary Table 2. Correspondence between the 17 standard forest types, English abbreviations and original vegetation types.
	Forest type
	English abbreviation
	Included stand types

	Spruce-fir forest
	SFF
	Spruce forests (including Western Sichuan spruce, large-cone spruce, red-barked spruce, Linzhi spruce, Qinghai spruce, Qinggan spruce, Xueling spruce, Youmaidiao spruce and purple-cone spruce), fir forests (including long-bracted fir and Emei fir), and large-cone spruce-Qinling fir forests

	Larch forest
	LF
	Changbai larch, North China larch, Japanese larch, Xing'an larch, Sichuan larch and Taibai larch forests

	Chinese pine forest
	CPF
	Chinese pine forest

	Other warm-temperate coniferous forest
	WTCF
	Changbai pine, red pine, black pine, Scots pine, Chinese arborvitae, Chinese pine-arborvitae, Bashan pine, Huashan pine and alpine pine forests

	Chinese fir forest
	CFF
	Chinese fir forest

	Cypress forest
	CyF
	Cypress, Mexican cypress and Fujian cypress forests

	Masson pine forest
	MPF
	Masson pine and Taiwan pine forests

	Other warm coniferous forest
	WCFCF
	Hainan five-needle pine, loblolly pine, slash pine, Simao pine, Wan pine, Yunnan pine, Qingyan Keteleeria, Tiejian Keteleeria, Cunninghamia-like conifer, Japanese cedar, dawn redwood, Taiwania, and subtropical mixed conifer forests (such as Chinese fir-Taiwania, Chinese fir-Masson pine and Masson pine-slash pine forests)

	Typical deciduous broad-leaved forest
	DBF
	Oak forests (including Liaodong oak, sawtooth oak, Mongolian oak, sharp-toothed oak and cork oak), Manchurian walnut, ash, Shantung maple and deciduous broad-leaved mixed forests

	Poplar-birch forest
	PBF
	Birch forests (including white birch, glossy-barked birch, red birch and southwest birch), poplar forests (including aspen, Wutai poplar, hybrid poplar and clonal poplar), and poplar-birch mixed forests

	Subtropical deciduous broad-leaved forest
	SDBF
	Paulownia, Sassafras, Zenia, Liriodendron, Chinese sweetgum, Cercidiphyllum, beech, Choerospondias, Alniphyllum, alder (including Sichuan and Taiwan alder), Tapiscia, and other subtropical deciduous broad-leaved mixed forests (such as sweetgum-Liriodendron, Sassafras-sawtooth oak and Sassafras-sweetgum forests)

	Typical evergreen broad-leaved forest
	TEBF
	Castanopsis forests (including short-spined Castanopsis, red Castanopsis, Lashi Castanopsis, Lithocarpus-like Castanopsis, Min-Yue Castanopsis, Nanling Castanopsis, Qinggou Castanopsis, Silicao Castanopsis, sweet Castanopsis and Yuanjiang Castanopsis), Cyclobalanopsis forests, Schima, Phoebe, Machilus, Lithocarpus and other typical evergreen broad-leaved forests

	Fast-growing evergreen forest
	EFF
	Acacia forests, eucalyptus forests (including hybrid and clonal eucalyptus), Casuarina forests, eucalyptus-acacia forests and Casuarina-acacia forests

	Other subtropical evergreen broad-leaved forest
	SEDBF
	Gordonia, Tsoongiodendron, Manglietia-like, Ormosia, Sloanea, yellow-backed oak, grey-green Castanopsis, Michelia, Mytilaria, Ormosia xylocarpa, Manglietia, Elaeocarpus, Altingia, fragrant-leaved tree, camphor, monsoon evergreen broad-leaved mixed forests and other evergreen broad-leaved mixed forests

	Tropical forest
	TF
	Rain forests, monsoon rain forests and their early successional communities

	Temperate coniferous-broad-leaved mixed forest
	TMCBF
	Korean pine, Korean pine-broad-leaved, Xing'an larch-broad-leaved, Japanese larch-broad-leaved, Scots pine-broad-leaved and Chinese pine-broad-leaved forests

	Subtropical coniferous-broad-leaved mixed forest
	SMCBF
	Chinese fir-broad-leaved, Masson pine-broad-leaved, slash pine-broad-leaved and alder-cypress forests


[bookmark: _Toc238645521]2. Plot data sources and biomass harmonisation
[bookmark: _Toc238645522]2.1 Plot data sources
The plot database was compiled from published literature, forest-resource survey or inventory records, and existing compilations of forest biomass data4. Records from different sources varied in spatial-positioning accuracy, biomass reporting units and variable completeness. Therefore, stand age, biomass density, forest type, vegetation zone and origin were harmonized before growth-curve fitting. In total, 24,237 valid records were used to construct stratified growth curves.
Supplementary Table 3. Plot data sources, record types.
	Data name
	Main record type
	Core variables
	Main use
	Source

	Biomass and Its Allocation of Forest Ecosystems in China
	Plot biomass, stand age and forest type
	Biomass, stand age and forest type
	Construction of the base age-biomass plot database
	Luo et al.4

	Plots extracted from Chinese and international literature
	Plot- or stand-scale records
	Biomass, stand age, dominant species and coordinates
	Expanded forest-type and regional coverage
	Compiled source publications

	Forest-resource survey or inventory data
	Individual-tree or plot-scale structural records
	DBH, tree height, density, volume, species and coordinates
	Construction of the base age-biomass plot database
	Inventory and survey metadata


[bookmark: _Toc238645523]2.2 Biomass harmonisation
Sources reported total tree biomass (TB), aboveground biomass, standing volume or individual-tree measurements. Reported TB density was retained. Aboveground biomass was converted to total tree biomass using species- or forest-type-specific aboveground-to-belowground allocation ratios. Standing volume was converted using documented species- or forest-type-specific volume–biomass relations. When only mean diameter, height and stand density were available, standing volume was first approximated from those structural variables and corrected with the forest-type coefficient f reported by Luo et al.4 The national standard GB/T 43648-2024 was used as an additional source for biomass equations of major tree species.5
For plots that lacked reported standing volume and provided mean diameter at breast height, mean tree height and stand density, we approximated single-tree stem form as a cone and estimated plot standing volume. Because the estimate came from stand-level mean attributes, we corrected it using the forest-type-specific coefficient f from Luo's dataset4. The corrected volume was then converted to plot biomass using the corresponding species- or forest-type-specific volume-biomass relationship, and total tree biomass density was obtained using the aboveground-to-belowground allocation relationship.
For reproducibility, the main conversion relationships used in biomass harmonization are given below. If a plot provided only mean diameter at breast height, mean tree height and stand density, unit-area standing volume was first estimated using a simplified conical-stem approximation:
                                                                 (S1)
where  is the standing volume inferred from stand-level mean structural parameters, D is mean diameter at breast height, H is mean tree height, and N is stand density per unit area. If D was recorded in cm, it was first converted to m. Because this estimate is based on a simplified stem-form assumption, a forest-type correction coefficient f was used:
                                                                   (S2)
where Vcorr is the corrected plot standing volume. Volume was then converted to biomass using the corresponding species- or forest-type-specific volume-biomass relationship. If the original source reported only aboveground biomass, total tree biomass was obtained using the aboveground-to-belowground biomass ratio:
                                                        (S3)
For inventory plots with individual-tree diameter and height records, individual-tree total biomass was first calculated and then summed over plot area to obtain biomass density per unit area:
                                                            (S4)
where Bj is the total tree biomass of tree j estimated from the corresponding allometric equation, and Aplot is plot area.
Supplementary Table 4. Relationship between measured standing volume and inferred standing volume.
	Forest type
	f value
	SE①
	R²
	SEE②

	Spruce-fir forest
	1.421
	0.058
	0.83
	35.322

	Larch forest
	1.401
	0.026
	0.931
	22.102

	Chinese pine forest
	2.018
	0.033
	0.973
	7.906

	Other warm-temperate coniferous forest
	1.627
	0.076
	0.924
	6.591

	Chinese fir forest
	1.523
	0.009
	0.981
	19.514

	Cypress forest
	1.511
	0.022
	0.992
	10.843

	Masson pine forest
	1.432
	0.019
	0.976
	21.993

	Other warm coniferous forest
	1.592
	0.039
	0.936
	35.365

	Deciduous broad-leaved forest
	1.442
	0.056
	0.88
	25.485

	Typical evergreen broad-leaved forest
	1.556
	0.031
	0.953
	27.875

	Fast-growing evergreen forest
	1.385
	0.025
	0.974
	21.303

	Other subtropical evergreen broad-leaved forest (including tropical forest)
	1.442
	0.033
	0.978
	15.932

	Temperate coniferous-broad-leaved mixed forest
	1.377
	0.038
	0.918
	34.088

	Subtropical coniferous-broad-leaved mixed forest
	1.503
	0.041
	0.934
	29.789


Note: (1) standard error of regression coefficient f; (2) standard error of the estimate. Coefficients and diagnostics are from Luo et al.4
[bookmark: _Toc238645524]2.3 Data-consistency processing
All modelling records used consistent units for stand age and biomass density and had traceable vegetation-zone, forest-type and origin assignments. Exclusion rules covered missing essential variables, irreconcilable units, unresolved taxonomy or forest-type mapping, and inability to assign a standard ecological stratum. The 24,237-record total refers to the records that passed these documented rules.
[bookmark: _Toc238645525]3. Construction of stratified growth curves
[bookmark: _Toc238645526]3.1 Stratified combinations and curve assignment
To represent age-biomass relationships under different ecological backgrounds, we constructed ecological strata by vegetation zone, forest type and forest origin. Under the final classification scheme, 8 vegetation zones, 17 standard forest types and 2 forest origins can form 272 theoretical combinations. Because some vegetation zones do not contain certain forest types, or contain only natural or planted origins for some types, spatial overlay identified 155 actually existing standard ecological strata. Subsequent curve fitting and assignment were conducted for these 155 real strata.
Not all real strata had sufficient plot data to fit stable growth curves independently. For strata with adequate sample size and reliable diagnostics, directly fitted curves for the same stratum were preferred. Forest types with synonymous or ecologically equivalent names were first harmonized into the same standard class. For strata with insufficient samples or unstable fits, donor curves were searched sequentially among ecologically similar forest types within the same vegetation zone under the same origin, then among the same or similar forest types in neighbouring or environmentally similar vegetation zones. Candidate donors were also compared against local samples from the target stratum. The final 155 standard ecological strata shared 67 distinct parameterized curves.
The initial fitting summary contained 59 fitted records. After parameter-by-parameter comparison with the final parameter table, 55 parameter sets were retained unchanged, and four were refitted and updated using correction data and cross-validation. Among the final 67 parameter sets, 59 originated from direct fitting or refitting with the original plot data. The remaining eight were derived from donor-curve scaling, constrained refitting or other local revisions. These supplemental curves ensured that sparse strata still had ecologically reasonable and traceable age-biomass relationships.
[bookmark: _Toc238645527]3.2 Fitting, model selection and diagnostics
For strata with adequate samples, Richards, Logistic and Weibull candidates were fitted by bounded nonlinear least squares. The original workflow was used for strata that could be fitted directly. Sparse strata were handled separately by merging related strata or refitting the curves under additional constraints. Model selection combined apparent-fit diagnostics, leave-one-age-out validation, monotonicity, parameter consistency and biological plausibility. Function definitions are given in the main Methods; the additional checks below determine whether a fitted curve could be used directly or required a donor or constrained correction.To reduce sensitivity to starting values, each candidate was fitted from three initial parameter sets derived from the observed biomass range. Parameter bounds were adaptively set according to the maximum observed biomass in the current subset: the lower bound of the asymptote alpha was 0.8 times the maximum observed value, and the upper bound was max(20 times the maximum observed value, 5000); the rate parameter beta was constrained to be positive; the shape parameter gamma was constrained to 0.05-10; and the Logistic initial biomass y0 was required to be greater than 0 and smaller than alpha. Each candidate fit allowed up to 30,000 function evaluations.
Two validation definitions were used. The basic R workflow applied ten-fold cross-validation to directly fitted strata with sufficient samples. The correction script used leave-one-age-out cross-validation on age-aggregated mean biomass, to avoid repeated samples at the same age dominating validation. When the number of unique ages was less than four, LOOCV was not calculated, the corresponding fields were recorded as missing, and use of the curve was constrained by the subsequent curve-status and assignment rules. Full-sample fit R2 and fit RMSE were used only as apparent-fit diagnostics and were not interpreted as independent generalization accuracy.
Non-convergent fits were discarded. Among convergent candidates, models passing the monotonicity, parameter-consistency and biological-plausibility checks were ranked by cross-validated RMSE, cross-validated R² and full-sample RMSE, in that order. No fixed R² threshold was imposed; models with poor or unavailable cross-validation results proceeded to donor selection or constrained refitting.
For observed biomass yi and predicted biomass , apparent goodness of fit and error were defined as:
                                                           (S5)
                                                      (S6)
For leave-one-age-out cross-validation, observations sharing stand age aj were averaged to obtain (aj, ŷaj). The model was refitted after omitting age aj, and the held-out prediction was denoted ŷaj(−j). Cross-validated R2 and RMSE were calculated over these held-out age means, preventing ages with many repeated plots from dominating the assessment:
                                                        (S7)
Cross-validated R2 and RMSE were then calculated across all held-out ages. This definition avoids over-weighting repeated samples at the same stand age in validation.
[bookmark: _Toc238645528]3.3 Curve quality control
In addition to statistical goodness of fit, curves were required to conform to the ecological logic of forest growth. Predictions were required to be non-decreasing over an age grid from 0.1 years to max (2tmax, 100 years), and all model parameters were required to satisfy the sign and ordering constraints of the corresponding growth function.
Biological reasonableness was further constrained using two derived indicators: the age at which the curve reaches 90% of the asymptote, and the ratio of the asymptote to the maximum observed biomass in the current data subset. If this asymptote-to-observation ratio exceeded 5, the 90% asymptote age exceeded max (300 years, 4 times the maximum observed age), or any age-grid prediction was negative, the candidate curve was flagged as biologically unreasonable and the diagnostic reason was recorded. Curves failing these diagnostics entered the merging, substitution, donor-correction or conservative-flagging workflow.
Monotonicity, the age at which 90% of the asymptote is reached, and the asymptote ratio were calculated as follows. First, predictions on an age grid t1,...,tm were checked for monotonic non-decrease:
                                      (S8)
Second, the age t90 at which a curve reaches 90% of its asymptote was calculated. For the three candidate functions, the analytical expressions are:
                                                        (S9)
                                                      (S10)
                                                    (S11)
The ratio of the asymptote to the maximum observed biomass in the current data subset was also calculated:
                                                           (S12)
When the asymptote-to-observation ratio exceeded 5, or the 90% asymptote age exceeded max(300, 4 times the maximum observed age), or negative predictions occurred on the age grid, the candidate curve was flagged as having unreasonable ecological behaviour and entered the merging, substitution or donor-correction workflow.
The final curve library contained 67 distinct parameter sets: 35 Logistic curves, 25 Richards curves and seven Weibull curves. By curve-quality status, 61 curves were accepted curves, five were donor-corrected curves and one was a constrained-refit candidate. Across unique curves, the medians of fit R2, CV R2 and fit RMSE were 0.646, 0.620 and 28.24, respectively. The median CV R2 was calculated from 60 curves with non-missing cross-validation results.
[bookmark: _Toc238645529]3.4 Donor selection and local screening for sparse strata
For standard ecological strata that could not yield a stable curve directly, donor selection first followed ecological consistency: the same forest type and origin were prioritized, followed by similar forest types within the same vegetation zone, and then curves of the same or similar forest type in neighbouring or environmentally similar vegetation zones. A single donor curve could serve multiple ecologically similar strata. Supplementary Table 5 explicitly lists the correspondence between each stratum and its final curve ID.
For cases with a large service range, weak existing curve diagnostics or multiple plausible donors, the current curve and candidate curves were further compared using local samples from the target stratum. Evaluation metrics included bias, MAE, RMSE and R². Final decisions conservatively balanced ecological proximity, error reduction, systematic bias, sample size and curve service range. Candidate curves with no improvement in local error, too few samples, or lower RMSE accompanied by substantial R² loss were not included in the final curve library.
Two large strata with strong internal environmental heterogeneity were further treated using provincial range rules. For example, SEBF-TEBF-N used C0041 in Yunnan, Sichuan, Guangxi, Jiangxi, Fujian, Guangdong, Taiwan, Guizhou and Hunan, and C0045 in other provinces. In addition, CTCF-PBF-N used the constrained-refit curve C0049B. These range rules are indicated in the final curve parameter table 5.
[bookmark: _Toc238645530]3.5 Final curve parameters
The final curve-parameter table uses the 67 unique curve IDs as rows and reports function type, model parameters, fit metrics and all applicable standard ecological strata, avoiding repeated listing of identical parameters across the 155 strata (Supplementary Table 5).
Supplementary Table 5. Parameters, fit metrics, applicable standard ecological strata and sample sizes for the final growth curves.
	Curve ID
	Function
	Model parameters
	fit R²
	CV R²
	full-sample RMSE
	Applicable standard ecological strata
	Sample size and provenance (n)
	Curve construction and assignment note

	C0001
	Weibull
	α=169.986; β=0.0104591; γ=1.25369
	0.72
	0.709
	16.23
	2: CTCF-DBF-P; WTDF-DBF-P
	776
	Donor-corrected by one-parameter multiplicative scaling from C0048 (k=0.993672)

	C0002
	Logistic
	α=211.646; β=0.0778712; y0=7.55085
	0.78
	0.772
	16.57
	1: WTDF-DBF-N
	1,004
	Direct fit.

	C0003
	Weibull
	α=83.8624; β=0.0257195; γ=1.4977
	0.777
	0.776
	9.1
	2: CTCF-PBF-P; WTDF-PBF-P
	3,081
	Direct fit; assigned unchanged to additional listed strata under the hierarchical matching rules.

	C0004
	Logistic
	α=110.489; β=0.515708; y0=0.628005
	0.8743
	-
	11.99
	1: WTDF-PBF-N
	27
	Direct fit.

	C0005
	Logistic
	α=74.1405; β=0.071559; y0=3.54776
	0.6799
	0.675
	10.019
	1: SEBF-CyF-P
	502
	Direct fit.

	C0006
	Logistic
	α=287.853; β=0.0910214; y0=3.30417
	0.7416
	0.6959
	12.927
	1: SEBF-CyF-N
	27
	Direct fit.

	C0007
	Logistic
	α=161.471; β=0.126978; y0=14.2038
	0.6443
	0.6084
	32.83
	1: WTDF-LF-P
	-
	Direct fit

	C0008
	Logistic
	α=264.162; β=0.0212184; y0=40.8891
	-0.2285
	-0.4056
	74.18
	1: WTDF-LF-N
	local n=33; donor C0048 n=68
	Direct fit; assigned unchanged to additional listed strata under the hierarchical matching rules.

	C0010
	Richards
	α=92.0507; β=0.0417427; γ=0.356417
	0.693
	0.6517
	8.8254
	2: WTDF-MPF-N; WTDF-WCFCF-N
	183
	Direct fit; assigned unchanged to additional listed strata under the hierarchical matching rules.

	C0011
	Richards
	α=106.605; β=0.0919546; γ=0.10207
	0.6391
	0.5606
	15.633
	1: WTDF-MPF-P
	139
	Direct fit.

	C0012
	Logistic
	α=129.024; β=0.0630094; y0=8.85992
	0.6333
	0.6024
	16.965
	1: WTDF-WTCF-P
	361
	Direct fit.

	C0013
	Logistic
	α=218.474; β=0.0958104; y0=5.49193
	0.7037
	-
	36.545
	1: WTDF-WTCF-N
	16
	Direct fit.

	C0014
	Richards
	α=120.865; β=0.0327362; γ=1.17553
	0.5039
	0.455
	14.284
	1: WTDF-SDBF-P
	248
	Direct fit.

	C0015
	Richards
	α=93.0997; β=0.0885394; γ=0.202342
	0.6523
	0.6379
	15.873
	1: WTDF-CPF-P
	267
	Direct fit.

	C0016
	Logistic
	α=161.772; β=0.0412265; y0=11.1435
	0.6303
	0.5338
	15.445
	1: WTDF-CPF-N
	139
	Direct fit.

	C0017
	Logistic
	α=121.811; β=0.0671075; y0=8.39213
	0.6244
	0.5917
	17.553
	1: WTDF-SFF-P
	366
	Direct fit.

	C0018
	Logistic
	α=298.616; β=0.0212184; y0=46.2222
	0.5134
	0.3941
	34.028
	1: WTDF-SFF-N
	local n=9; donor C0048 n=68
	Donor-corrected by one-parameter multiplicative scaling from C0048 (k=1.123275)

	C0021
	Richards
	α=100.104; β=0.0807198; γ=0.589303
	-0.4282
	-1.323
	28.239
	1: WTDF-TMCBF-P
	local n=12; donor C0046 n=76
	Donor-corrected by one-parameter multiplicative scaling from C0046 (k=0.422985)

	C0022
	Logistic
	α=294.678; β=0.0537023; y0=30.7889
	0.6052
	0.5034
	40.343
	1: SEBF-SFF-P
	14
	Direct fit.

	C0023
	Logistic
	α=472.763; β=0.0112723; y0=80.3092
	0.6551
	0.6261
	42.074
	1: SEBF-SFF-N
	121
	Direct fit.

	C0024
	Logistic
	α=263.31; β=0.192013; y0=4.64719
	0.6837
	0.6454
	47.876
	1: SEBF-LF-P
	15
	Direct fit.

	C0025
	Logistic
	α=65.6375; β=0.306887; y0=0.317675
	0.613
	0.4194
	14.803
	1: SEBF-CPF-P
	51
	Direct fit.

	C0026
	Logistic
	α=236.87; β=0.0984681; y0=4.45127
	0.5848
	0.5548
	18.748
	1: SEBF-WTCF-P
	46
	Direct fit.

	C0027
	Richards
	α=132.466; β=0.0744908; γ=0.231135
	0.5977
	0.4604
	27.311
	3: SEBF-CPF-N; SEBF-LF-N; SEBF-WTCF-N
	70
	Direct fit; assigned unchanged to additional listed strata under the hierarchical matching rules.

	C0028
	Logistic
	α=177.145; β=0.127881; y0=13.8125
	0.6231
	0.6209
	25.164
	1: SEBF-CFF-P
	3,711
	Direct fit.

	C0029
	Richards
	α=150.61; β=0.0398614; γ=0.436598
	0.7048
	0.7011
	11.884
	2: WTDF-CFF-N; SEBF-CFF-N
	1,726
	Direct fit; assigned unchanged to additional listed strata under the hierarchical matching rules.

	C0030
	Logistic
	α=215.24; β=0.119482; y0=7.2753
	0.6333
	0.6307
	27.657
	1: SEBF-MPF-P (core provinces)
	1,961
	Direct fit.

	C0031
	Weibull
	α=263.161; β=0.000413533; γ=1.97191
	0.6572
	0.6544
	22.164
	1: SEBF-MPF-N
	3,927
	Direct fit.

	C0032
	Richards
	α=261.851; β=0.0379168; γ=0.611408
	0.6132
	0.602
	25.255
	3: WTDF-WCFCF-P; SEBF-MPF-P (non-core provinces); SEBF-WCFCF-P
	551
	Direct fit; assigned unchanged to additional listed strata under the hierarchical matching rules.

	C0034
	Weibull
	α=209.647; β=0.00518507; γ=1.37007
	0.7579
	0.7322
	20.486
	1: SEBF-DBF-P
	370
	Direct fit.

	C0035
	Weibull
	α=259.077; β=0.0028747; γ=1.44562
	0.6204
	0.6182
	31.078
	2: SEBF-DBF-N; TMR-DBF-N
	1,445
	Direct fit; assigned unchanged to additional listed strata under the hierarchical matching rules.

	C0036
	Weibull
	α=160.76; β=0.0151406; γ=1.41504
	0.6009
	0.5873
	14.578
	1: SEBF-PBF-P
	-
	Direct fit

	C0037
	Logistic
	α=315.134; β=0.0413835; y0=22.6694
	0.8699
	0.8483
	25.245
	1: SEBF-PBF-N
	21
	Direct fit.

	C0038
	Weibull
	α=237.998; β=0.0190302; γ=1.34248
	0.8379
	0.7766
	27.35
	1: SEBF-SDBF-P
	72
	Direct fit.

	C0039
	Logistic
	α=318.348; β=0.0745374; y0=11.0146
	0.7148
	0.6865
	33.802
	3: WTDF-SDBF-N; SEBF-SDBF-N; TMR-PBF-N
	50
	Direct fit; assigned unchanged to additional listed strata under the hierarchical matching rules.

	C0041
	Logistic
	α=407.017; β=0.0520895; y0=28.0969
	0.6186
	0.608
	58.259
	1: SEBF-TEBF-N (core provinces)
	1,120
	Direct fit.

	C0042
	Richards
	α=446.258; β=0.0272656; γ=0.963771
	0.6497
	0.6304
	33.325
	1: SEBF-EFF-P
	444
	Direct fit.

	C0043
	Richards
	α=226.587; β=0.0446966; γ=0.450967
	0.8009
	0.7194
	16.639
	2: SEBF-EFF-N; TMR-EFF-N
	60
	Direct fit; assigned unchanged to additional listed strata under the hierarchical matching rules.

	C0044
	Logistic
	α=237.521; β=0.18857; y0=22.8767
	0.6386
	0.6197
	33.851
	4: WTDF-SEDBF-P; SEBF-SEDBF-P; SEBF-TEBF-P; SEBF-TF-P
	329
	Direct fit; assigned unchanged to additional listed strata under the hierarchical matching rules.

	C0045
	Richards
	α=329.278; β=0.0207649; γ=0.593229
	0.7201
	0.6999
	48.131
	3: WTDF-SEDBF-N; SEBF-SEDBF-N; SEBF-TEBF-N (non-core provinces)
	33
	Direct fit; assigned unchanged to additional listed strata under the hierarchical matching rules.

	C0047A
	Richards
	α=236.662; β=0.0807198; γ=0.589303
	0.757
	0.7362
	34.752
	2: WTDF-SMCBF-P; SEBF-SMCBF-P
	76
	Planted-forest subset fitted directly after splitting the former pooled planted–natural stratum.

	C0047N
	Logistic
	α=477.849; β=0.052089; y0=32.9865
	0.4086
	0.1959
	39.88
	2: SEBF-SMCBF-N; TMR-SMCBF-N
	local n=11; template C0041 n=1120
	Natural-forest subset split from the former pooled stratum; curve shape calibrated from C0041

	C0048
	Logistic
	α=265.844; β=0.0212184; y0=41.1495
	0.6281
	0.6221
	31.676
	7: CTCF-LF-N; CTCF-LF-P; CTCF-SFF-N; CTCF-SFF-P; CTCF-WCFCF-N; CTCF-WTCF-N; CTCF-WTCF-P
	68
	Direct fit; assigned unchanged to additional listed strata under the hierarchical matching rules.

	C0049
	Richards
	α=147.096; β=0.0990951; γ=0.05
	0.6464
	0.4606
	28.609
	1: CTCF-DBF-N
	11
	Direct fit

	C0049B
	Richards
	α=184.054; β=0.0303497; γ=0.455927
	0.5042
	0.2888
	33.877
	1: CTCF-PBF-N (constrained refit)
	12
	Constrained local Richards refit for CTCF-PBF-N

	C0053
	Richards
	α=207.799; β=0.0633387; γ=0.281634
	0.5626
	0.5626
	36.079
	4: TSte-CPF-P; TSte-LF-P; TSte-SFF-P; TSte-WTCF-P
	23
	Pooled fit across planted temperate-conifer types within TSte

	C0054
	Logistic
	α=350; β=0.0160822; y0=50.7674
	0.5856
	-
	36.055
	6: TSte-CFF-N; TSte-CPF-N; TSte-LF-N; TSte-MPF-N; TSte-SFF-N; TSte-WTCF-N
	24
	Pooled fit across natural temperate-conifer types within TSte

	C0056
	Logistic
	α=210; β=0.0699044; y0=27.8276
	0.5402
	-
	17.22
	3: TSte-DBF-P; TSte-PBF-P; TSte-SEDBF-P
	27
	Pooled fit across planted deciduous-broadleaf types within TSte

	C0057
	Logistic
	α=320.8; β=0.0428285; y0=18.2192
	0.8354
	-
	37.514
	8: TSte-DBF-N; TSte-PBF-N; TSte-SDBF-N; TSte-SEDBF-N; TD-DBF-N; TD-PBF-N; TD-SDBF-N; TD-SEDBF-N
	20
	Pooled fit across natural deciduous-broadleaf types within TSte

	C0060
	Richards
	α=170.147; β=0.0807198; γ=0.589303
	0
	-
	13.58
	1: TMR-SMCBF-P
	local n=2; donor C0046 n=76
	Donor-corrected by one-parameter multiplicative scaling from C0046 (k=0.718945)

	C0062
	Logistic
	α=206.967; β=0.162616; y0=15.4492
	0.5291
	0.3639
	42.719
	3: TMR-SEDBF-P; TMR-TEBF-P; TMR-TF-P
	46
	Direct fit; assigned unchanged to additional listed strata under the hierarchical matching rules.

	C0063
	Logistic
	α=269.151; β=0.207082; y0=4.26032
	0.8183
	0.7827
	45.071
	2: TMR-SEDBF-N; TMR-TEBF-N
	19
	Direct fit; assigned unchanged to additional listed strata under the hierarchical matching rules.

	C0064
	Logistic
	α=496.775; β=0.0866595; y0=50.0773
	0.7566
	0.7287
	21.438
	1: TMR-EFF-P
	47
	Direct fit.

	C0065
	Logistic
	α=419.961; β=0.0655103; y0=37.332
	0.6691
	0.6399
	70.188
	7: TMR-CFF-N; TMR-CFF-P; TMR-LF-P; TMR-MPF-P; TMR-SFF-P; TMR-WCFCF-N; TMR-WCFCF-P
	48
	Pooled fit across planted warm-temperate conifers within TMR

	C0066
	Logistic
	α=512.665; β=0.0206238; y0=44.2168
	0.4747
	-
	85.802
	4: TMR-LF-N; TMR-MPF-N; TMR-SFF-N; TMR-WTCF-N
	11
	Pooled fit across natural temperate-conifer types within TMR

	C0067
	Richards
	α=91.3122; β=0.507714; γ=0.0997746
	0.624
	0.2374
	18.897
	1: TMR-DBF-P
	10
	Pooled fit across planted deciduous-broadleaf types within TMR

	C0068
	Logistic
	α=655.455; β=0.0597554; y0=28.9993
	0.9616
	0.9153
	37.594
	2: SEBF-TF-N; TMR-TF-N
	17
	Direct fit; assigned unchanged to additional listed strata under the hierarchical matching rules.

	C0069
	Logistic
	α=178.854; β=0.127888; y0=16.185
	0.5659
	0.5053
	32.431
	4: TMF-CPF-P; TMF-LF-P; TMF-SFF-P; TMF-WTCF-P
	47
	Direct fit; assigned unchanged to additional listed strata under the hierarchical matching rules.

	C0070
	Logistic
	α=281.036; β=0.0210602; y0=44.2168
	0.8933
	0.8593
	22.632
	4: TMF-CPF-N; TMF-LF-N; TMF-SFF-N; TMF-WTCF-N
	27
	Direct fit; assigned unchanged to additional listed strata under the hierarchical matching rules.

	C0071
	Richards
	α=356.445; β=0.0411989; γ=0.360101
	0.6372
	0.5965
	46.003
	6: CTCF-TMCBF-P; TMF-SMCBF-P; TMF-TMCBF-P; TSte-SMCBF-P; TSte-TMCBF-P; SEBF-TMCBF-P
	53
	Direct fit; assigned unchanged to additional listed strata under the hierarchical matching rules.

	C0072
	Richards
	α=279.781; β=0.0141851; γ=0.681736
	0.8132
	0.717
	38.283
	9: CTCF-TMCBF-N; TMF-SMCBF-N; TMF-TMCBF-N; WTDF-TMCBF-N; TSte-SMCBF-N; TSte-TMCBF-N; SEBF-TMCBF-N; SEBF-WCFCF-N; TMR-TMCBF-N
	17
	Direct fit; assigned unchanged to additional listed strata under the hierarchical matching rules.

	C0073
	Richards
	α=204.176; β=0.0253052; γ=0.917144
	0.734
	0.3118
	22.429
	1: TMF-DBF-N
	25
	Direct fit.

	C0074
	Richards
	α=290.152; β=0.01; γ=2.07639
	0.7326
	0.717
	18.388
	1: TMF-PBF-N
	19
	Direct fit.

	C0075
	Richards
	α=441.713; β=0.0207649; γ=0.593229
	-1.022
	-7.451
	60.119
	1: TMF-SEDBF-N
	local n=5; donor C0045 n=33
	Donor-corrected by one-parameter multiplicative scaling from C0045 (k=1.341458)

	C0076
	Richards
	α=213.62; β=0.0264346; γ=0.727412
	0.6705
	0.604
	29.324
	2: TMF-DBF-P; TMF-PBF-P
	34
	Pooled fit across planted and natural deciduous-broadleaf observations within TMF

	C0078
	Richards
	α=426.424; β=0.01; γ=0.625531
	0.6861
	0.6417
	54.1
	8: TD-CFF-N; TD-CPF-N; TD-LF-N; TD-LF-P; TD-SFF-N; TD-SFF-P; TD-WTCF-N; TD-WTCF-P
	40
	Direct fit; assigned unchanged to additional listed strata under the hierarchical matching rules.

	C0080
	Richards
	α=388.36; β=0.00683851; γ=1.31369
	0.729
	0.4745
	65.102
	9: QTPA-CPF-N; QTPA-LF-N; QTPA-PBF-N; QTPA-SEDBF-N; QTPA-SFF-N; QTPA-SFF-P; QTPA-TEBF-N; QTPA-TMCBF-N; QTPA-WCFCF-N
	15
	Direct fit; assigned unchanged to additional listed strata under the hierarchical matching rules.


Note: The number before each applicable-strata list denotes the number of standard ecological strata or provincial split ranges served by that curve. For directly or jointly fitted curves, n denotes the number of plot observations retained for curve fitting. For donor- or template-calibrated curves, local n denotes the target-stratum observations used for calibration, whereas donor/template n denotes the observations used to fit the source curve. Fit R² and full-sample RMSE are apparent-fit diagnostics, whereas CV R² reports cross-validated performance where sufficient age information was available. For donor- or template-calibrated curves, the reported diagnostics evaluate the final calibrated curve against the sparse local observations and are therefore not directly equivalent to the fitting statistics of the donor curve. Negative fit R² values for C0008, C0021 and C0075 indicate weak local predictive performance under sparse-data conditions; these curves were retained as high-uncertainty provisional fallback parameterizations after donor selection, local calibration and biological-plausibility screening. Together, strata assigned to these three curves account for approximately 0.078% of the mapped forest area; all five donor-corrected curves together account for approximately 0.191%. Vegetation-zone abbreviations are CTCF, cold-temperate coniferous forest; TMF, temperate mixed forest; WTDF, warm-temperate deciduous broad-leaved forest; TSte, temperate steppe; TD, temperate desert; QTPA, Qinghai–Tibet Plateau alpine vegetation; SEBF, subtropical evergreen broad-leaved forest; and TMR, tropical monsoon and rainforest. Forest-type abbreviations are defined in Supplementary Table 2; N and P denote natural and planted origins.
[bookmark: _Toc238645531]4. Pixel-level coupled growth-curve model
Stratified growth curves describe the dominant age–biomass trajectory for each vegetation-zone × forest-type × origin stratum, but their asymptotic parameter α is an average across that stratum. We estimated pixel-level attainable near-natural biomass (Beco) to represent within-stratum variation associated with climate, soil and topography. Beco is an attainable ceiling under observed environmental conditions, not a theoretical maximum.
[bookmark: _Toc238645532]4.1 Mature, low-disturbance training samples
Training candidates came from two protected-forest sources including WDPA and the List and Vector Boundaries of Nature Reserves in China. Protected-area membership was used for sample selection only; it was not included among the 18 predictors.
The 30 m standard ecological stratification layer was then sampled to the 1 km China Albers analysis grid, and vegetation-zone and forest-type groups were assigned to candidate pixels. Mature-forest screening was conducted within each vegetation-zone by forest-type group: by default, the 90th percentile of stand age within the group was used as the maturity threshold; if fewer than 30 samples remained, the threshold was sequentially relaxed to the 85th, 80th, 75th and 70th percentiles. If fewer than 30 samples remained even at the 70th percentile, all candidate pixels in that group were retained and the screening status was recorded. This procedure yielded 19,110 Random Forest training samples.
[bookmark: _Toc238645533]4.2 Predictors
The Random Forest used 18 environmental predictors (Supplementary Table 6). CHELSA-monthly v2.1 supplied climate data for 2000–2020.8 Annual summaries included mean temperature, precipitation and solar radiation, monthly extrema and annual ranges. Static predictors comprised elevation, slope, aspect, soil nitrogen, soil organic carbon and pH,9 plus distance to protected areas; annual tree cover was included from the 30-m China tree-cover dataset.10 Stand age and management were deliberately excluded because the target was near-natural ecological potential rather than biomass realised under a given age or management regime.
Elevation, slope and aspect were derived from NASA SRTM Global 1 arc second V003 HGT tiles,11 reprojected to the 1-km China Albers grid. Terrain and soil remained fixed across initialisation years; climate variables and annual tree cover were updated by initialisation year.
Euclidean distance to the nearest protected-area pixel was calculated from the 1-km binary protected-area mask in the China Albers projection and expressed in kilometres. The metre output was divided by 1,000 to produce. The model variable is expressed in kilometres.
Supplementary Table 6. Predictors used in the Beco Random Forest model.
	Category
	Variable
	Temporal attribute
	Data source, unit and spatial resolution

	Annual climate
	Annual mean temperature
	year-specific
	CHELSA 2000–2020; annual aggregation; 1 km China Albers; source unit K

	Annual climate
	Annual precipitation
	year-specific
	CHELSA 2000–2020; annual aggregation; 1 km China Albers; source unit kg m−2 month−1

	Annual climate
	Annual solar radiation
	year-specific
	CHELSA 2000–2020; annual aggregation; 1 km China Albers; source unit MJ m−2

	Climate variability
	Maximum monthly temperature
	year-specific
	calculated from monthly CHELSA temperature; 1 km; same unit as temperature data

	Climate variability
	Minimum monthly temperature
	year-specific
	calculated from monthly CHELSA temperature; 1 km; same unit as temperature data

	Climate variability
	Annual temperature range
	year-specific
	maximum monthly temperature minus minimum monthly temperature; 1 km; same unit as temperature data

	Climate variability
	Maximum monthly precipitation
	year-specific
	calculated from monthly CHELSA precipitation; 1 km; same unit as precipitation data

	Climate variability
	Minimum monthly precipitation
	year-specific
	calculated from monthly CHELSA precipitation; 1 km; same unit as precipitation data

	Climate variability
	Maximum monthly solar radiation
	year-specific
	calculated from monthly CHELSA solar radiation; 1 km; same unit as radiation data

	Climate variability
	Minimum monthly solar radiation
	year-specific
	calculated from monthly CHELSA solar radiation; 1 km; same unit as radiation data

	Topography
	Elevation
	static
	NASA SRTM1 v3.0; reprojected to 1 km China Albers; m

	Topography
	Slope
	static
	Calculated from the 1 km SRTM DEM gradient; static

	Topography
	Aspect
	static
	Calculated from the 1 km SRTM DEM gradient; static

	Soil
	Soil nitrogen
	static
	ISRIC SoilGrids 250 m WCS9; thickness-weighted 0–30 cm mean from 0–5, 5–15 and 15–30 cm; native unit cg kg−1

	Soil
	Soil organic carbon
	static
	ISRIC SoilGrids 250 m WCS9; thickness-weighted 0–30 cm mean from 0–5, 5–15 and 15–30 cm; native unit dg kg−1

	Soil
	Soil pH
	static
	ISRIC SoilGrids 250 m WCS9; thickness-weighted 0–30 cm mean from 0–5, 5–15 and 15–30 cm; native pH ×10

	Protected area
	Distance to protected area
	static
	1 km Euclidean distance transform of the protected-area binary raster; km

	Canopy
	Canopy cover
	year-specific
	Cai et al. annual 30 m tree-cover dataset10 (1985–2023); year selected from the modelling table; %


[bookmark: _Toc238645534]4.3 Random Forest model training, validation and national prediction
A single modelling design was used to estimate Beco. Each ensemble member perturbed observed biomass with Gaussian error using its proxy observation-error standard deviation; negative perturbed values were truncated to zero. We trained 50 independently seeded Random Forest regressors, each with 100 regression trees, a minimum leaf size of 5 and one-half of predictors available at each split. Averaging the 100 trees stabilised each forest, while variation among the 50 forests represented response-error propagation and model stochasticity.
For the m-th Random Forest submodel, the response variable was constructed from observed biomass and its proxy standard deviation as:
                            (S13)
The pixel-level natural biomass ceiling mean from the 50 submodels was:
                                           (S14)
where xi denotes the 18 predictors for pixel i. Block IDs in spatial block cross-validation were constructed directly from coordinates:
                                       (S15)
Model performance was assessed with 33-km spatial blocks. A 33 km threshold was selected as the optimal choice, preserving a sufficient number of occupied spatial blocks and per-iteration training samples while mitigating local spatial leakage. Samples sharing a block were kept in the same fold, and grouped K-fold validation used up to 10 occupied-block folds. We trained an ensemble of 50 Random Forest regressors, each with 100 trees, a minimum leaf size of five and half of the predictors considered at each split.
For each initialisation year from 2000 to 2020, the trained model used CHELSA climate variables for that year, canopy variables from the corresponding modelling table, and static topographic, soil and protected-area variables to predict all national forest pixels on the 1 km China Albers grid with valid stand age and complete predictors. For each initialisation year, the model produced pixel-level Beco mean, standard deviation, and 2.5% and 97.5% quantiles. The Beco value for each initialisation year remained fixed as the pixel-level biomass ceiling throughout the subsequent 20-year baseline projection.
Coupling Beco with the growth curve changed only the asymptotic ceiling term and did not re-estimate growth-rate or shape parameters within the same stratum. For pixel i belonging to stratum s, the final parameters used for pixel prediction can be written as:
                                          (S16)
where βs, γs and y0,s were taken from the stratified curve library.
[bookmark: _Toc238645535]4.4 Coupled growth curves and uncertainty assessment
We separated statistical uncertainty in the coupled model from structural diagnostics. Statistical components were (i) between-model uncertainty in Beco and (ii) uncertainty in observed biomass-loss probability and post-event retention. Structural diagnostics were (iii) the historical Monte Carlo assessment of original growth-curve fitting uncertainty and (iv) sensitivity to allowing growth rate, as well as the asymptote, to vary with Beco.
Biomass-potential uncertainty. For each pixel and initialisation year, the 50-model ensemble provided a mean, standard deviation and 2.5th and 97.5th percentiles. Mean, lower-bound and upper-bound Beco values were substituted as alternative asymptotes in otherwise identical 20-year recursions. Pixel outputs were aggregated with pixel-count or management-area weights only after each bound had been propagated through the trajectory.
Historical growth-curve fitting uncertainty. Before coupling, the original curve system was evaluated with 1,000 Monte Carlo repetitions on ecological-stratum × age-frequency histograms. Age-only runs sampled age error according to the CAFA product; curve-only runs applied a lognormal perturbation to α and a normal perturbation to k parameterised from fitting error; combined runs perturbed both sources. Other curve parameters remained fixed within a run. Each repetition first calculated biomass for every age bin and stratum and then aggregated to the target spatial unit; means, standard deviations and coefficients of variation were calculated across repetitions. Separate one-at-a-time α and k runs produced the normalised contributions shown in Supplementary Fig. 4. These are historical diagnostics, not a second uncertainty layer added to the coupled model, because α is replaced by Beco.
Structural sensitivity of the coupling. In the main model M0, pixel-level Beco replaces the stratum-average asymptote α, while the fitted growth-rate, shape and initial-biomass parameters remain fixed within each stratum. We tested the assumption that site variation acts mainly through the ceiling by constructing M1, in which growth rate covaries with standardised log Beco:
                     (S17)
                                 (S18)
where ks is the fitted growth rate for stratum s, βs is the stratum-specific coupling coefficient and zi is standardised log Beco for pixel i within that stratum. The comparison included 30 representative strata covering 85.4% of national forest area and 84.3% of biomass. A stratum was considered sensitive when M1 reduced relative RMSE by more than 5% compared with M0.
Observed biomass-loss parameter uncertainty. Within each management-class × stand-age group, a substantive event was recorded when the annual decline in the CFATD aboveground-biomass time series exceeded the minimum detectable-change threshold derived from CFATD uncertainty. The empirical annual event probability peff was the number of detected unit-year events divided by the number of valid unit-year observations in that group. Beta-distribution parameters were set from the corresponding event and non-event counts. Post-event retention rloss was calculated only for substantive events as biomass after the event divided by biomass before the event. Its uncertainty was represented as Triangular(rmean − rsd, rmean, rmean + rsd). This restriction prevents biomass increases and small remote-sensing fluctuations from being interpreted as effective loss.
The uncertainty analysis covered six management classes and eight age groups, giving 48 probability and 48 retention inputs. Saltelli sampling generated the global parameter sample, the S2 recursion was rerun for each sample, and first-order (S1) and total-effect (ST) Sobol indices quantified direct and interaction contributions. Parameter summaries are reported in Supplementary Table 8 and year-specific rankings in Supplementary Table 12.
For reporting at standard ecological-stratum, forest-type and management levels, Beco ensemble uncertainty was summarised using the following metrics:
                                  (S19)
                             (S20)
                                 (S21)
where HWBeco is the half-width of the Beco ensemble interval, RHWBeco is that half-width relative to mean Beco, and HW20 is the half-width after 20 years of trajectory propagation. Forest-type summaries used pixel-count weights within each initialisation year and were then averaged across the 21 initialisations. Management summaries used pixel count multiplied by the management-class area fraction.
Combining statistical uncertainty sources.
Beco and observed-loss parameter uncertainties arise from separate modules. We therefore combined their variances under an approximate independence assumption using the root-sum-of-squares rule. The same calculation was used to quantify the incremental contribution of the loss-event module within ecological and management groups:
    (S22)
                                           (S23)
                                         (S24)
                      (S25)
where HWloss, HWBeco and HWcombined are the loss-parameter, biomass-potential and root-sum-of-squares half-widths, respectively. Strict matching required outputs from both modules for the same uncertainty-propagation record. Forest-type aggregation used pixel-count weights; management aggregation used pixel count multiplied by management-area fraction.
[bookmark: _Toc238645536]5. Counterfactual baseline scenarios
For every initialisation year from 2000 to 2020, the coupled curve provided a calculated starting biomass and a 20-year annual no-project trajectory. BAU allowed uninterrupted age progression with no harvest or biomass reset and therefore served as the unconstrained upper-envelope scenario. S1 continued historical management through fixed rotation resets; S2 applied the same rotations and additionally imposed the empirical biomass-loss probabilities and retention ratios described in section 4.4.
S1 assigned rotations of 60 years to long-rotation plantations, 15 years to short-rotation plantations, and 25 years to oil-palm and agroforestry systems. At a scheduled reset, stand age and biomass were returned to the class-specific post-reset state before growth resumed. Unmanaged natural forest, managed natural forest and remaining classes had no fixed rotation reset.
In S2, the expected annual update combined the no-event growth state with the post-event state using peff and rloss. The initialisation year represents the starting state, and annual projections begin one year later. Declines were assigned to the later year of each pair of consecutive states; the earliest possible decline years were therefore 2002 and 2022 for the 2000 and 2020 initialisations, respectively.
Scenario differences were calculated at pixel level and then aggregated by management class, origin, province and standard ecological stratum. National and group means used mapped area weights. The coefficient of variation in Fig. 2 is the standard deviation of each pixel's 20 annual trajectory values divided by their mean; decline-year maps retain grey pixels where no annual decrease occurred.
[bookmark: _Toc238645537]Supplementary Results
[image: Supplementary Figure 4]
Supplementary Fig. 4. Historical one-at-a-time Monte Carlo propagation of original growth-curve parameter uncertainty. Bars show the 95% uncertainty half-width in predicted biomass at age 60 when α or k was perturbed alone in 1,000 repetitions. Percentages are normalised shares of the two one-at-a-time contributions and are not a global variance decomposition.
[bookmark: _Toc238645538]6. Structural sensitivity of the coupling assumption
Across the 30 representative strata, the median and mean relative-RMSE improvement of M1 over M0 were 0.2% and 2.3%, respectively, and 24 strata improved by less than 5%. The six sensitive strata exceeding the 5% threshold were mainly subtropical conifer-related types and one tropical planted-forest type. Replacing M0 with M1 for these strata produced only small relative trajectory changes across initialisation years and projection horizons (Supplementary Table 7), indicating that local fit improvement did not substantially alter national baseline trajectories.
Supplementary Table 7. Relative TB changes for the six sensitive strata after replacing M0 with M1 under the unconstrained BAU scenario for 2000, 2010 and 2020 initialisation years.
	Initialisation year
	Projection horizon
	Standard ecological stratum
	TB change of M1 relative to M0 (%)

	2000
	10 yr
	SEBF-WTCF-N
	+0.01

	2000
	10 yr
	SEBF-MPF-N
	+2.72

	2000
	10 yr
	SEBF-SFF-N
	+1.35

	2000
	10 yr
	SEBF-CFF-P
	-0.25

	2000
	10 yr
	SEBF-CFF-N
	-0.40

	2000
	10 yr
	TMR-TF-P
	-0.45

	2000
	20 yr
	SEBF-WTCF-N
	-0.09

	2000
	20 yr
	SEBF-MPF-N
	+1.93

	2000
	20 yr
	SEBF-SFF-N
	+1.40

	2000
	20 yr
	SEBF-CFF-P
	-0.22

	2000
	20 yr
	SEBF-CFF-N
	-0.29

	2000
	20 yr
	TMR-TF-P
	-0.93

	2010
	10 yr
	SEBF-WTCF-N
	-0.20

	2010
	10 yr
	SEBF-MPF-N
	2.72

	2010
	10 yr
	SEBF-SFF-N
	2.23

	2010
	10 yr
	SEBF-CFF-P
	-0.29

	2010
	10 yr
	SEBF-CFF-N
	-0.35

	2010
	10 yr
	TMR-TF-P
	-1.31

	2010
	20 yr
	SEBF-WTCF-N
	-0.24

	2010
	20 yr
	SEBF-MPF-N
	2.00

	2010
	20 yr
	SEBF-SFF-N
	2.32

	2010
	20 yr
	SEBF-CFF-P
	-0.21

	2010
	20 yr
	SEBF-CFF-N
	-0.28

	2010
	20 yr
	TMR-TF-P
	-1.40

	2020
	10 yr
	SEBF-WTCF-N
	-0.03

	2020
	10 yr
	SEBF-MPF-N
	2.34

	2020
	10 yr
	SEBF-SFF-N
	1.91

	2020
	10 yr
	SEBF-CFF-P
	-0.21

	2020
	10 yr
	SEBF-CFF-N
	-0.28

	2020
	10 yr
	TMR-TF-P
	-1.43

	2020
	20 yr
	SEBF-WTCF-N
	-0.07

	2020
	20 yr
	SEBF-MPF-N
	1.69

	2020
	20 yr
	SEBF-SFF-N
	1.95

	2020
	20 yr
	SEBF-CFF-P
	-0.14

	2020
	20 yr
	SEBF-CFF-N
	-0.24

	2020
	20 yr
	TMR-TF-P
	-1.01


Note: change is defined as (TB_M1 − TB_M0) / TB_M0 × 100%. The meanings of SEBF, TMR, WTCF, MPF, SFF, CFF and TF are given in Supplementary Tables 1 and 2; N and P denote natural and planted forests, respectively.
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Supplementary Fig. 5. Residual distributions under ceiling-only and rate-coupled growth models. Residual densities compare M0 and M1 with current-biomass reference values across 30 representative strata. Blue and orange lines denote M0 and M1, respectively; each panel reports the percentage RMSE improvement under M1. The first six panels exceed the 5% structural-sensitivity threshold.
[bookmark: _Toc238645539]7. Observed biomass-loss parameters
Observed annual event probabilities were low in most management-by-age groups but were higher in short-rotation plantations and oil-palm systems. Mean post-event biomass retention generally remained between 0.57 and 0.68 (Supplementary Table 8). These empirical parameters describe detected biomass losses and do not assign events to natural or anthropogenic causes.
Supplementary Table 8. Empirical parameters for the observed biomass-loss scenario.
	Stand-age group
	Management type
	peff (%)
	rloss

	0-5
	Natural unmanaged forest
	0.0005
	0.6351

	0-5
	Natural managed forest
	0.0011
	0.6196

	0-5
	Long-rotation plantation
	0.0012
	0.6101

	0-5
	Short-rotation plantation
	0.0029
	0.6054

	0-5
	Oil palm
	0.0016
	0.6758

	0-5
	Agroforestry
	0.0008
	0.5944

	6-10
	Natural unmanaged forest
	0.0069
	0.6204

	6-10
	Natural managed forest
	0.0080
	0.6049

	6-10
	Long-rotation plantation
	0.0082
	0.5903

	6-10
	Short-rotation plantation
	0.0225
	0.5785

	6-10
	Oil palm
	0.0432
	0.5902

	6-10
	Agroforestry
	0.0111
	0.5767

	11-15
	Natural unmanaged forest
	0.0141
	0.6086

	11-15
	Natural managed forest
	0.0136
	0.5903

	11-15
	Long-rotation plantation
	0.0133
	0.5781

	11-15
	Short-rotation plantation
	0.0300
	0.5700

	11-15
	Oil palm
	0.2035
	0.6020

	11-15
	Agroforestry
	0.0139
	0.5747

	16-20
	Natural unmanaged forest
	0.0237
	0.6034

	16-20
	Natural managed forest
	0.0303
	0.5867

	16-20
	Long-rotation plantation
	0.0363
	0.5803

	16-20
	Short-rotation plantation
	0.0565
	0.5666

	16-20
	Oil palm
	0.3281
	0.5936

	16-20
	Agroforestry
	0.0238
	0.5671

	21-30
	Natural unmanaged forest
	0.0233
	0.6068

	21-30
	Natural managed forest
	0.0268
	0.5853

	21-30
	Long-rotation plantation
	0.0215
	0.5760

	21-30
	Short-rotation plantation
	0.0549
	0.5704

	21-30
	Oil palm
	0.1849
	0.5875

	21-30
	Agroforestry
	0.0302
	0.5737

	31-40
	Natural unmanaged forest
	0.0292
	0.6184

	31-40
	Natural managed forest
	0.0336
	0.5895

	31-40
	Long-rotation plantation
	0.0311
	0.5832

	31-40
	Short-rotation plantation
	0.0530
	0.5805

	31-40
	Oil palm
	0.1164
	0.5972

	31-40
	Agroforestry
	0.0300
	0.5895

	41-60
	Natural unmanaged forest
	0.0308
	0.6321

	41-60
	Natural managed forest
	0.0287
	0.6067

	41-60
	Long-rotation plantation
	0.0208
	0.5943

	41-60
	Short-rotation plantation
	0.0660
	0.5994

	41-60
	Oil palm
	0.1825
	0.6273

	41-60
	Agroforestry
	0.0258
	0.6056

	60+
	Natural unmanaged forest
	0.0059
	0.6480

	60+
	Natural managed forest
	0.0072
	0.6328

	60+
	Long-rotation plantation
	0.0070
	0.6236

	60+
	Short-rotation plantation
	0.0260
	0.6072

	60+
	Oil palm
	0.0856
	0.6571

	60+
	Agroforestry
	0.0060
	0.6312


Note: peff is the effective annual probability of a detected biomass-loss event; rloss is mean biomass retained after an event relative to the preceding year. Values were estimated from 2000–2020 observations by management class and stand-age group.
[bookmark: _Toc238645540]8. Spatial distribution of biomass-potential uncertainty
Uncertainty in Beco was concentrated in high-potential southern forest types. Supplementary Tables 9–11 summarise the ensemble half-width itself, its value relative to mean Beco, and the half-width after 20 years of trajectory propagation by forest type, standard ecological stratum and management class.
Supplementary Table 9. Distribution of Beco uncertainty across the 17 forest types (average across 2000–2020 initialisation years).
	Forest type
	Mean area proportion (%)
	Beco half-width (Mg ha-1)
	Relative Beco half-width (%)
	20-year propagated half-width (Mg ha-1)

	Fast-growing evergreen forest
	0.18
	30.65
	11.51
	9.25

	Other subtropical evergreen broad-leaved forest
	3.28
	17.71
	7.87
	5.32

	Poplar-birch forest
	7.44
	12.33
	7.38
	4.98

	Typical evergreen broad-leaved forest
	11.26
	20.06
	7.71
	4.47

	Tropical forest
	0.99
	32.52
	9.97
	3.99

	Chinese fir forest
	6.31
	16.36
	7.90
	3.84

	Subtropical coniferous-broad-leaved mixed forest
	0.23
	15.23
	6.66
	3.82

	Other warm-temperate coniferous forest
	2.56
	15.22
	7.04
	3.52

	Other warm coniferous forest
	7.31
	22.30
	7.64
	3.36

	Typical deciduous broad-leaved forest
	14.64
	12.20
	7.39
	2.90

	Subtropical deciduous broad-leaved forest
	0.97
	14.30
	7.15
	2.47

	Chinese pine forest
	1.68
	12.35
	8.02
	1.92

	Masson pine forest
	26.59
	16.84
	8.17
	1.90

	Temperate coniferous-broad-leaved mixed forest
	2.09
	12.84
	7.55
	1.75

	Larch forest
	7.70
	11.14
	6.66
	0.60

	Spruce-fir forest
	6.56
	16.58
	6.81
	0.58

	Cypress forest
	0.22
	13.3
	7.10
	0.10



Supplementary Table 10. Area-weighted distribution of biomass-potential uncertainty across the 141 standard ecological strata with available propagation results (mean across 2000–2020 initialisation years).
	Vegetation zone
	Forest type
	Origin
	Area proportion (%)
	Beco half-width (Mg ha-1)
	Relative Beco half-width (%)
	20-year propagated half-width (Mg ha-1)

	Subtropical evergreen broad-leaved forest region
	Spruce-fir forest
	natural
	4.80
	17.01
	6.73
	0.47

	Subtropical evergreen broad-leaved forest region
	Spruce-fir forest
	plantation
	0.32
	16.24
	6.43
	0.89

	Subtropical evergreen broad-leaved forest region
	Subtropical deciduous broad-leaved forest
	natural
	0.74
	14.38
	7.10
	0.46

	Subtropical evergreen broad-leaved forest region
	Subtropical deciduous broad-leaved forest
	plantation
	0.22
	14.17
	7.34
	9.27

	Subtropical evergreen broad-leaved forest region
	Subtropical coniferous-broad-leaved mixed forest
	natural
	0.15
	15.45
	6.50
	0.98

	Subtropical evergreen broad-leaved forest region
	Subtropical coniferous-broad-leaved mixed forest
	plantation
	0.07
	14.73
	6.90
	10.10

	Subtropical evergreen broad-leaved forest region
	Other subtropical evergreen broad-leaved forest
	natural
	2.00
	15.03
	7.13
	2.43

	Subtropical evergreen broad-leaved forest region
	Other subtropical evergreen broad-leaved forest
	plantation
	0.72
	15.28
	7.42
	10.63

	Subtropical evergreen broad-leaved forest region
	Other warm coniferous forest
	natural
	6.18
	22.17
	7.60
	2.85

	Subtropical evergreen broad-leaved forest region
	Other warm coniferous forest
	plantation
	0.83
	21.51
	7.76
	7.65

	Subtropical evergreen broad-leaved forest region
	Other warm-temperate coniferous forest
	natural
	1.54
	16.72
	6.76
	5.53

	Subtropical evergreen broad-leaved forest region
	Other warm-temperate coniferous forest
	plantation
	0.23
	14.60
	7.08
	0.23

	Subtropical evergreen broad-leaved forest region
	Typical evergreen broad-leaved forest
	natural
	6.58
	18.53
	7.43
	0.84

	Subtropical evergreen broad-leaved forest region
	Typical evergreen broad-leaved forest
	plantation
	2.84
	17.67
	7.95
	11.97

	Subtropical evergreen broad-leaved forest region
	Typical deciduous broad-leaved forest
	natural
	2.97
	12.05
	6.73
	2.37

	Subtropical evergreen broad-leaved forest region
	Typical deciduous broad-leaved forest
	plantation
	0.91
	12.02
	6.99
	3.24

	Subtropical evergreen broad-leaved forest region
	Fast-growing evergreen forest
	natural
	0.01
	23.47
	10.69
	7.31

	Subtropical evergreen broad-leaved forest region
	Fast-growing evergreen forest
	plantation
	0.03
	25.63
	10.48
	10.43

	Subtropical evergreen broad-leaved forest region
	Chinese fir forest
	natural
	3.66
	15.97
	7.75
	4.05

	Subtropical evergreen broad-leaved forest region
	Chinese fir forest
	plantation
	2.62
	16.83
	8.10
	3.57

	Subtropical evergreen broad-leaved forest region
	Poplar-birch forest
	natural
	0.87
	14.79
	6.99
	0.39

	Subtropical evergreen broad-leaved forest region
	Poplar-birch forest
	plantation
	0.13
	13.74
	6.87
	8.93

	Subtropical evergreen broad-leaved forest region
	Cypress forest
	natural
	0.18
	13.34
	7.10
	0.11

	Subtropical evergreen broad-leaved forest region
	Cypress forest
	plantation
	0.04
	13.09
	7.10
	0.06

	Subtropical evergreen broad-leaved forest region
	Chinese pine forest
	natural
	0.09
	13.43
	6.70
	4.45

	Subtropical evergreen broad-leaved forest region
	Chinese pine forest
	plantation
	0.02
	12.09
	6.90
	2.52

	Subtropical evergreen broad-leaved forest region
	Temperate coniferous-broad-leaved mixed forest
	natural
	0.21
	16.29
	7.45
	2.09

	Subtropical evergreen broad-leaved forest region
	Temperate coniferous-broad-leaved mixed forest
	plantation
	0.01
	15.87
	7.13
	3.19

	Subtropical evergreen broad-leaved forest region
	Tropical forest
	natural
	0.08
	17.39
	9.02
	1.66

	Subtropical evergreen broad-leaved forest region
	Tropical forest
	plantation
	0.01
	16.32
	8.72
	11.73

	Subtropical evergreen broad-leaved forest region
	Larch forest
	natural
	0.03
	15.62
	6.63
	5.17

	Subtropical evergreen broad-leaved forest region
	Larch forest
	plantation
	<0.01
	12.45
	6.49
	3.50

	Subtropical evergreen broad-leaved forest region
	Masson pine forest
	natural
	16.11
	16.21
	7.97
	2.29

	Subtropical evergreen broad-leaved forest region
	Masson pine forest
	plantation
	9.73
	17.15
	8.33
	1.27

	Cold-temperate coniferous forest region
	Spruce-fir forest
	natural
	0.01
	10.72
	6.55
	0.43

	Cold-temperate coniferous forest region
	Other warm coniferous forest
	natural
	<0.01
	9.27
	5.56
	0.36

	Cold-temperate coniferous forest region
	Other warm-temperate coniferous forest
	natural
	0.08
	10.62
	6.51
	0.43

	Cold-temperate coniferous forest region
	Other warm-temperate coniferous forest
	plantation
	<0.01
	10.34
	6.29
	0.41

	Cold-temperate coniferous forest region
	Typical deciduous broad-leaved forest
	natural
	0.96
	9.96
	6.02
	0.52

	Cold-temperate coniferous forest region
	Typical deciduous broad-leaved forest
	plantation
	0.05
	9.79
	5.91
	3.53

	Cold-temperate coniferous forest region
	Poplar-birch forest
	natural
	1.36
	10.02
	6.13
	1.78

	Cold-temperate coniferous forest region
	Poplar-birch forest
	plantation
	0.06
	10.05
	6.18
	9.03

	Cold-temperate coniferous forest region
	Temperate coniferous-broad-leaved mixed forest
	natural
	0.29
	10.50
	6.30
	1.35

	Cold-temperate coniferous forest region
	Temperate coniferous-broad-leaved mixed forest
	plantation
	0.01
	10.58
	6.29
	2.13

	Cold-temperate coniferous forest region
	Larch forest
	natural
	5.96
	10.31
	6.36
	0.42

	Cold-temperate coniferous forest region
	Larch forest
	plantation
	0.10
	10.41
	6.40
	0.42

	Warm-temperate deciduous broad-leaved forest region
	Spruce-fir forest
	natural
	0.09
	16.21
	7.76
	0.52

	Warm-temperate deciduous broad-leaved forest region
	Spruce-fir forest
	plantation
	0.01
	13.56
	7.93
	0.27

	Warm-temperate deciduous broad-leaved forest region
	Subtropical deciduous broad-leaved forest
	natural
	0.01
	11.68
	7.44
	0.57

	Warm-temperate deciduous broad-leaved forest region
	Subtropical deciduous broad-leaved forest
	plantation
	<0.01
	9.32
	6.45
	5.00

	Warm-temperate deciduous broad-leaved forest region
	Subtropical coniferous-broad-leaved mixed forest
	plantation
	<0.01
	11.45
	8.18
	7.86

	Warm-temperate deciduous broad-leaved forest region
	Other subtropical evergreen broad-leaved forest
	natural
	<0.01
	9.21
	6.16
	1.49

	Warm-temperate deciduous broad-leaved forest region
	Other warm coniferous forest
	natural
	0.01
	14.64
	9.07
	2.97

	Warm-temperate deciduous broad-leaved forest region
	Other warm coniferous forest
	plantation
	<0.01
	9.30
	6.19
	3.31

	Warm-temperate deciduous broad-leaved forest region
	Other warm-temperate coniferous forest
	natural
	0.32
	12.72
	7.94
	0.41

	Warm-temperate deciduous broad-leaved forest region
	Other warm-temperate coniferous forest
	plantation
	0.16
	11.59
	8.08
	0.30

	Warm-temperate deciduous broad-leaved forest region
	Typical deciduous broad-leaved forest
	natural
	2.29
	11.87
	7.60
	0.35

	Warm-temperate deciduous broad-leaved forest region
	Typical deciduous broad-leaved forest
	plantation
	1.20
	10.96
	7.70
	3.95

	Warm-temperate deciduous broad-leaved forest region
	Chinese fir forest
	natural
	<0.01
	10.15
	7.84
	2.57

	Warm-temperate deciduous broad-leaved forest region
	Poplar-birch forest
	natural
	1.20
	12.51
	8.30
	12.31

	Warm-temperate deciduous broad-leaved forest region
	Poplar-birch forest
	plantation
	0.49
	11.20
	8.03
	10.06

	Warm-temperate deciduous broad-leaved forest region
	Chinese pine forest
	natural
	0.97
	12.68
	8.18
	0.16

	Warm-temperate deciduous broad-leaved forest region
	Chinese pine forest
	plantation
	0.55
	11.43
	7.98
	4.55

	Warm-temperate deciduous broad-leaved forest region
	Temperate coniferous-broad-leaved mixed forest
	natural
	0.01
	13.94
	7.60
	1.79

	Warm-temperate deciduous broad-leaved forest region
	Temperate coniferous-broad-leaved mixed forest
	plantation
	<0.01
	10.51
	6.34
	7.21

	Warm-temperate deciduous broad-leaved forest region
	Larch forest
	natural
	0.06
	13.60
	7.79
	0.48

	Warm-temperate deciduous broad-leaved forest region
	Larch forest
	plantation
	0.05
	11.28
	7.56
	3.39

	Warm-temperate deciduous broad-leaved forest region
	Masson pine forest
	natural
	<0.01
	10.91
	7.51
	2.21

	Warm-temperate deciduous broad-leaved forest region
	Masson pine forest
	plantation
	0.01
	11.62
	8.15
	2.13

	Temperate steppe
	Spruce-fir forest
	natural
	0.06
	16.52
	7.07
	0.35

	Temperate steppe
	Spruce-fir forest
	plantation
	<0.01
	16.02
	7.42
	4.95

	Temperate steppe
	Other subtropical evergreen broad-leaved forest
	plantation
	<0.01
	14.51
	6.87
	1.59

	Temperate steppe
	Other warm-temperate coniferous forest
	natural
	0.07
	12.17
	7.47
	0.50

	Temperate steppe
	Other warm-temperate coniferous forest
	plantation
	0.01
	12.73
	7.82
	3.93

	Temperate steppe
	Typical deciduous broad-leaved forest
	natural
	0.57
	12.36
	7.53
	0.37

	Temperate steppe
	Typical deciduous broad-leaved forest
	plantation
	0.06
	14.11
	7.94
	1.96

	Temperate steppe
	Poplar-birch forest
	natural
	0.95
	11.66
	6.95
	0.33

	Temperate steppe
	Poplar-birch forest
	plantation
	0.18
	11.79
	7.21
	1.82

	Temperate steppe
	Chinese pine forest
	natural
	0.02
	15.04
	8.29
	0.51

	Temperate steppe
	Chinese pine forest
	plantation
	0.01
	14.95
	8.74
	4.62

	Temperate steppe
	Temperate coniferous-broad-leaved mixed forest
	natural
	0.01
	13.80
	7.68
	1.77

	Temperate steppe
	Temperate coniferous-broad-leaved mixed forest
	plantation
	<0.01
	14.22
	7.57
	2.86

	Temperate steppe
	Larch forest
	natural
	0.55
	11.03
	6.51
	0.42

	Temperate steppe
	Larch forest
	plantation
	0.01
	12.09
	7.22
	3.73

	Temperate desert
	Spruce-fir forest
	natural
	0.20
	16.17
	7.08
	1.05

	Temperate desert
	Spruce-fir forest
	plantation
	0.01
	14.78
	6.84
	0.96

	Temperate desert
	Other warm-temperate coniferous forest
	natural
	<0.01
	15.24
	7.14
	0.99

	Temperate desert
	Typical deciduous broad-leaved forest
	natural
	0.01
	15.57
	7.06
	0.28

	Temperate desert
	Poplar-birch forest
	natural
	0.01
	17.11
	7.10
	0.26

	Temperate desert
	Chinese pine forest
	natural
	<0.01
	17.73
	7.70
	1.16

	Temperate desert
	Larch forest
	natural
	<0.01
	15.41
	6.90
	1.00

	Temperate desert
	Larch forest
	plantation
	<0.01
	15.86
	7.47
	1.03

	Temperate mixed coniferous and deciduous broad-leaved forest region
	Spruce-fir forest
	natural
	0.60
	11.99
	7.18
	0.52

	Temperate mixed coniferous and deciduous broad-leaved forest region
	Spruce-fir forest
	plantation
	0.04
	12.15
	7.33
	3.81

	Temperate mixed coniferous and deciduous broad-leaved forest region
	Subtropical coniferous-broad-leaved mixed forest
	natural
	<0.01
	12.90
	8.19
	1.66

	Temperate mixed coniferous and deciduous broad-leaved forest region
	Subtropical coniferous-broad-leaved mixed forest
	plantation
	<0.01
	11.44
	7.50
	2.30

	Temperate mixed coniferous and deciduous broad-leaved forest region
	Other subtropical evergreen broad-leaved forest
	natural
	<0.01
	12.86
	7.68
	2.09

	Temperate mixed coniferous and deciduous broad-leaved forest region
	Other warm-temperate coniferous forest
	natural
	0.08
	12.73
	7.53
	0.54

	Temperate mixed coniferous and deciduous broad-leaved forest region
	Other warm-temperate coniferous forest
	plantation
	0.01
	11.89
	7.46
	3.87

	Temperate mixed coniferous and deciduous broad-leaved forest region
	Typical deciduous broad-leaved forest
	natural
	4.65
	12.96
	7.82
	4.73

	Temperate mixed coniferous and deciduous broad-leaved forest region
	Typical deciduous broad-leaved forest
	plantation
	0.99
	13.48
	8.19
	3.97

	Temperate mixed coniferous and deciduous broad-leaved forest region
	Poplar-birch forest
	natural
	1.99
	13.16
	7.89
	5.78

	Temperate mixed coniferous and deciduous broad-leaved forest region
	Poplar-birch forest
	plantation
	0.21
	13.69
	8.25
	4.03

	Temperate mixed coniferous and deciduous broad-leaved forest region
	Chinese pine forest
	natural
	0.01
	13.41
	8.02
	0.58

	Temperate mixed coniferous and deciduous broad-leaved forest region
	Chinese pine forest
	plantation
	0.01
	13.42
	8.19
	4.26

	Temperate mixed coniferous and deciduous broad-leaved forest region
	Temperate coniferous-broad-leaved mixed forest
	natural
	1.35
	12.73
	7.76
	1.64

	Temperate mixed coniferous and deciduous broad-leaved forest region
	Temperate coniferous-broad-leaved mixed forest
	plantation
	0.19
	13.08
	8.01
	2.63

	Temperate mixed coniferous and deciduous broad-leaved forest region
	Larch forest
	natural
	0.62
	13.20
	7.87
	0.57

	Temperate mixed coniferous and deciduous broad-leaved forest region
	Larch forest
	plantation
	0.18
	13.11
	8.06
	4.20

	Tropical monsoon and rain forest region
	Spruce-fir forest
	natural
	0.32
	19.71
	6.76
	0.30

	Tropical monsoon and rain forest region
	Spruce-fir forest
	plantation
	<0.01
	24.52
	7.42
	1.84

	Tropical monsoon and rain forest region
	Subtropical coniferous-broad-leaved mixed forest
	natural
	<0.01
	20.98
	7.73
	1.08

	Tropical monsoon and rain forest region
	Other subtropical evergreen broad-leaved forest
	natural
	0.32
	28.37
	10.43
	6.91

	Tropical monsoon and rain forest region
	Other subtropical evergreen broad-leaved forest
	plantation
	0.25
	32.28
	11.75
	11.31

	Tropical monsoon and rain forest region
	Other warm coniferous forest
	natural
	0.25
	26.74
	7.92
	1.94

	Tropical monsoon and rain forest region
	Other warm coniferous forest
	plantation
	0.04
	30.98
	9.01
	2.18

	Tropical monsoon and rain forest region
	Other warm-temperate coniferous forest
	natural
	0.05
	16.85
	5.66
	0.25

	Tropical monsoon and rain forest region
	Typical evergreen broad-leaved forest
	natural
	1.60
	29.55
	8.32
	5.45

	Tropical monsoon and rain forest region
	Typical evergreen broad-leaved forest
	plantation
	0.24
	27.26
	8.51
	8.42

	Tropical monsoon and rain forest region
	Typical deciduous broad-leaved forest
	natural
	0.02
	16.46
	9.11
	3.23

	Tropical monsoon and rain forest region
	Typical deciduous broad-leaved forest
	plantation
	<0.01
	15.99
	8.78
	15.99

	Tropical monsoon and rain forest region
	Fast-growing evergreen forest
	natural
	0.06
	32.76
	11.76
	10.21

	Tropical monsoon and rain forest region
	Fast-growing evergreen forest
	plantation
	0.07
	32.51
	11.90
	8.36

	Tropical monsoon and rain forest region
	Chinese fir forest
	natural
	0.01
	24.63
	9.22
	2.55

	Tropical monsoon and rain forest region
	Chinese fir forest
	plantation
	0.01
	26.06
	10.29
	2.92

	Tropical monsoon and rain forest region
	Poplar-birch forest
	natural
	<0.01
	22.71
	14.76
	1.15

	Tropical monsoon and rain forest region
	Temperate coniferous-broad-leaved mixed forest
	natural
	<0.01
	17.88
	22.30
	2.30

	Tropical monsoon and rain forest region
	Tropical forest
	natural
	0.63
	33.66
	9.70
	1.26

	Tropical monsoon and rain forest region
	Tropical forest
	plantation
	0.27
	34.96
	10.94
	10.81

	Tropical monsoon and rain forest region
	Larch forest
	natural
	0.03
	34.52
	12.19
	0.56

	Tropical monsoon and rain forest region
	Larch forest
	plantation
	0.09
	36.18
	13.10
	3.53

	Tropical monsoon and rain forest region
	Masson pine forest
	natural
	0.33
	25.85
	10.03
	0.50

	Tropical monsoon and rain forest region
	Masson pine forest
	plantation
	0.42
	27.14
	10.47
	2.94

	Qinghai-Tibet Plateau
	Spruce-fir forest
	natural
	0.10
	18.47
	7.97
	3.86

	Qinghai-Tibet Plateau
	Spruce-fir forest
	plantation
	<0.01
	18.37
	7.93
	3.84

	Qinghai-Tibet Plateau
	Other subtropical evergreen broad-leaved forest
	natural
	<0.01
	23.09
	8.94
	4.83

	Qinghai-Tibet Plateau
	Other warm coniferous forest
	natural
	0.01
	18.82
	9.07
	3.93

	Qinghai-Tibet Plateau
	Typical evergreen broad-leaved forest
	natural
	<0.01
	18.23
	6.60
	3.81

	Qinghai-Tibet Plateau
	Poplar-birch forest
	natural
	<0.01
	21.92
	14.93
	4.58

	Qinghai-Tibet Plateau
	Temperate coniferous-broad-leaved mixed forest
	natural
	<0.01
	10.24
	37.73
	2.14

	Qinghai-Tibet Plateau
	Larch forest
	natural
	<0.01
	16.77
	6.47
	3.50


Note: The final baseline map contains 155 standard ecological strata. Uncertainty estimates were available for 141 of the 155 mapped strata. The 14 strata not evaluated in this secondary analysis accounted for only 0.0052% of mapped forest area. Where multiple records represented one final stratum, uncertainty metrics were averaged using area-share weights.

Supplementary Table 11. Distribution of Beco uncertainty by management type (average across 2000–2020 initialisation years).
	Management type
	Mean area share (%)
	Beco half-width (Mg ha-1)
	Relative Beco half-width (%)
	20-year propagated half-width (Mg ha-1)

	Natural managed forest
	48.25
	15.85
	7.53
	2.75

	Long-rotation plantation
	15.83
	14.76
	7.69
	3.13

	Natural unmanaged forest
	15.60
	15.36
	7.28
	2.42

	Agroforestry
	9.45
	18.15
	8.00
	2.92

	Short-rotation plantation
	9.28
	18.87
	8.38
	3.11

	Other_forest_types（others）
	1.58
	14.39
	7.33
	2.24

	Oil palm
	0.01
	26.22
	8.65
	3.95



[bookmark: _Toc238645541]9. Sobol sensitivity of observed-loss parameters
Total-effect Sobol rankings were concentrated in event-probability and retention terms for a small number of middle-aged and older management groups. Supplementary Table 12 reports the three largest total-effect indices for each initialisation year, labelled by parameter type, management class and stand-age group.
Supplementary Table 12. Top three parameters ranked by total-effect Sobol index (ST) for each initialisation year from 2000 to 2020.
	Initialisation year
	Top parameter
	ST
	Second parameter
	ST
	Third parameter
	ST

	2000
	p | Plant. long | 31-40
	0.322
	p | Nat. unmgd | 41-60
	0.229
	p | Nat. mgd | 41-60
	0.149

	2001
	p | Plant. long | 31-40
	0.337
	p | Nat. unmgd | 41-60
	0.215
	p | Nat. mgd | 41-60
	0.144

	2002
	p | Plant. long | 31-40
	0.339
	p | Nat. unmgd | 41-60
	0.214
	r | Nat. mgd | 31-40
	0.147

	2003
	p | Plant. long | 31-40
	0.352
	p | Nat. unmgd | 41-60
	0.180
	r | Nat. mgd | 31-40
	0.156

	2004
	p | Plant. long | 31-40
	0.348
	p | Nat. unmgd | 41-60
	0.172
	r | Nat. mgd | 31-40
	0.155

	2005
	p | Plant. long | 31-40
	0.390
	p | Nat. unmgd | 41-60
	0.165
	r | Nat. mgd | 31-40
	0.137

	2006
	p | Plant. long | 31-40
	0.435
	p | Nat. mgd | 41-60
	0.133
	r | Nat. mgd | 31-40
	0.129

	2007
	p | Plant. long | 31-40
	0.345
	p | Nat. mgd | 41-60
	0.171
	p | Nat. mgd | 60+
	0.144

	2008
	p | Plant. long | 31-40
	0.394
	p | Nat. mgd | 60+
	0.376
	r | Nat. mgd | 31-40
	0.123

	2009
	p | Nat. mgd | 60+
	0.617
	p | Nat. mgd | 41-60
	0.179
	r | Nat. mgd | 41-60
	0.122

	2010
	p | Nat. mgd | 60+
	0.594
	p | Nat. mgd | 41-60
	0.186
	r | Nat. mgd | 41-60
	0.127

	2011
	p | Nat. mgd | 60+
	0.796
	p | Nat. mgd | 41-60
	0.132
	r | Nat. mgd | 41-60
	0.090

	2012
	p | Nat. mgd | 60+
	0.744
	p | Nat. mgd | 41-60
	0.173
	r | Nat. mgd | 41-60
	0.117

	2013
	p | Nat. mgd | 60+
	0.751
	p | Nat. mgd | 41-60
	0.169
	r | Nat. mgd | 41-60
	0.115

	2014
	p | Nat. mgd | 60+
	0.787
	p | Nat. mgd | 41-60
	0.152
	r | Nat. mgd | 41-60
	0.104

	2015
	p | Nat. mgd | 60+
	0.767
	p | Nat. mgd | 41-60
	0.156
	p | Nat. unmgd | 41-60
	0.124

	2016
	p | Nat. mgd | 60+
	0.760
	p | Nat. mgd | 41-60
	0.153
	p | Nat. unmgd | 41-60
	0.138

	2017
	p | Nat. mgd | 60+
	0.779
	p | Nat. unmgd | 41-60
	0.151
	p | Nat. mgd | 41-60
	0.144

	2018
	p | Nat. mgd | 60+
	0.796
	p | Nat. unmgd | 41-60
	0.167
	p | Nat. mgd | 41-60
	0.138

	2019
	p | Nat. mgd | 60+
	0.749
	p | Nat. unmgd | 41-60
	0.185
	p | Nat. mgd | 41-60
	0.136

	2020
	p | Nat. mgd | 60+
	0.772
	p | Nat. unmgd | 41-60
	0.177
	p | Nat. mgd | 41-60
	0.133


Note: p denotes the annual probability of a detected biomass-loss event, and r denotes post-event biomass retention. Parameter labels in the table are written as parameter type | management class | stand-age group.
[bookmark: _Toc238645542]10. Combined uncertainty and hotspot screening
Matching the two statistical modules showed that biomass-potential uncertainty dominated the combined interval. Tables 13–15 report groups with large Beco uncertainty and quantify the much smaller increment from observed-loss parameters at ecological-stratum, forest-type and management levels.
Supplementary Table 13. Matched biomass-potential and observed-loss uncertainty for high-priority ecological-stratum records, ranked by area share × 20-year biomass-potential half-width (mean across 2000–2020 initialisation years).
	Vegetation zone
	Forest type
	Area proportion (%)
	Managed natural-forest area fraction
	Observed-loss/Beco, 10 yr (%)
	Observed-loss/Beco, 20 yr (%)
	(Combined-Beco)/Beco, 10 yr (%)
	(Combined-Beco)/Beco, 20 yr (%)

	Subtropical evergreen broad-leaved forest region
	Masson pine forest
	16.11
	0.36
	5.03
	1.74
	0.13
	0.02

	Subtropical evergreen broad-leaved forest region
	Typical evergreen broad-leaved forest
	2.84
	0.44
	3.14
	0.5
	0.05
	0.0

	Temperate mixed coniferous and deciduous broad-leaved forest region
	Typical deciduous broad-leaved forest
	4.11
	0.66
	1.93
	0.78
	0.02
	0.0

	Subtropical evergreen broad-leaved forest region
	Other warm coniferous forest
	6.18
	0.7
	3.55
	1.59
	0.06
	0.01

	Subtropical evergreen broad-leaved forest region
	Chinese fir forest
	3.66
	0.41
	3.94
	1.34
	0.08
	0.01

	Warm-temperate deciduous broad-leaved forest region
	Poplar-birch forest
	1.2
	0.35
	1.58
	0.27
	0.01
	0.0

	Subtropical evergreen broad-leaved forest region
	Masson pine forest
	9.73
	0.4
	41.13
	5.03
	8.33
	0.13

	Temperate mixed coniferous and deciduous broad-leaved forest region
	Poplar-birch forest
	1.99
	0.61
	0.8
	0.54
	0.0
	0.0

	Subtropical evergreen broad-leaved forest region
	Chinese fir forest
	2.62
	0.46
	15.81
	2.22
	1.23
	0.02

	Tropical monsoon and rain forest region
	Typical evergreen broad-leaved forest
	1.6
	0.51
	46.69
	0.93
	10.36
	0.0


Note: The table reports the 10 highest-ranked records for which both biomass-potential and observed-loss uncertainty outputs were available. Ranking used area share multiplied by the 20-year Beco uncertainty half-width. These matched records support hotspot comparison and are not used to redefine the 155 standard ecological strata.

Supplementary Table 14. Observed-loss parameter uncertainty within forest types with high biomass-potential uncertainty (mean across 2000–2020 initialisation years).
	Forest type
	Area proportion (%)
	Managed natural-forest area fraction
	Observed-loss/Beco, 10 yr (%)
	Observed-loss/Beco, 20 yr (%)
	(Combined-Beco)/Beco, 10 yr (%)
	(Combined-Beco)/Beco, 20 yr (%)

	Masson pine forest
	26.59
	0.37
	9.35
	2.59
	1.1
	0.05

	Typical evergreen broad-leaved forest
	11.26
	0.48
	8.01
	1.11
	0.97
	0.02

	Typical deciduous broad-leaved forest
	14.64
	0.56
	3.36
	1.35
	0.52
	0.03

	Poplar-birch forest
	7.44
	0.49
	1.55
	0.64
	0.06
	0.01

	Other warm coniferous forest
	7.31
	0.68
	3.56
	1.45
	0.08
	0.01

	Chinese fir forest
	6.31
	0.43
	6.61
	1.68
	0.35
	0.02

	Other subtropical evergreen broad-leaved forest
	3.28
	0.4
	3.89
	0.76
	0.16
	0.0

	Other warm-temperate coniferous forest
	2.56
	0.51
	7.91
	1.48
	0.95
	0.03

	Larch forest
	7.7
	0.66
	18.64
	4.67
	1.75
	0.11

	Tropical forest
	0.99
	0.44
	15.74
	2.31
	1.39
	0.03


Note: Forest-type screening used pixel counts to weight ecological-stratum half-widths.

Supplementary Table 15. Biomass-potential, observed-loss and combined uncertainty by management class (mean across 2000–2020 initialisation years).
	Management type
	Area proportion (%)
	Observed-loss/Beco, 10 yr (%)
	Observed-loss/Beco, 20 yr (%)
	(Combined-Beco)/Beco, 10 yr (%)
	(Combined-Beco)/Beco, 20 yr (%)

	Natural managed forest
	48.25
	5.14
	1.59
	0.54
	0.03

	Long-rotation plantation
	15.83
	4.4
	1.38
	0.39
	0.03

	Natural unmanaged forest
	15.6
	5.23
	1.59
	0.62
	0.03

	Short-rotation plantation
	9.28
	8.06
	1.81
	0.84
	0.03

	Agroforestry system
	9.45
	6.31
	1.72
	0.55
	0.03

	Other forest types
	1.58
	4.96
	1.57
	0.59
	0.04

	Oil palm
	0.01
	9.2
	1.68
	1.04
	0.03


Note: Management-class screening used pixel count multiplied by management-class area fraction as weights.
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